Phosphorous compounds in leather industry by Kedlaya, K. J. & Santappa, M.
, i 
. . . 
I. 
I 
I 
1 
I ,. 
... ~ ~}'. 
PHOSPHORUS COMPOUNDS IN LEATiIER INDUS'rRY 
K. .1, KEDI,i\YA & M, SAN TAPPA 
CeJl.Lrnl LeaLher Rcsean:h Institute, Madms 
The possible appliccltions o[phosphorus· comr.ounds in leather-making 
are reviewed. PolYilhosphol'ic acid or its salts a1'e used as (a) pl'danning 
agent in vegetablc tanning and (b) pl'etanning or rct;.mning agcnt or COnl-
plexing component in chrome. lanning, Polyphosphak~ arc lIlso waleI' 
softeners, The phospho-compound tctrakis (hydroxy methyl) phosphonium 
c:hlol'idc is a good t:;nnilll~ agent ill Llw presence of resol·cinol. Phosphutitics 
~lIlC.I :.dl'yl [JilosphrJ-l:slc'!.",; ';l"C c(Jlllplexing Jubl'icaul"s, Chromc comf'lcxcs of 
alkyl phosjlh')··':sl.(·I·:; ill": wat.r!l'prOolingilIJt;fll<;, Phospho-acl'ylalcs nrc good 
additives 10 :t(.:rylie l·ilJi:;IH:~; JOI" imparlillg f1allll:-proOr ch:U':Jcterislic:;. Poly-
:Juo!"o :.lIlcyl plllJsplial.cs ill1p:II·1. flil I"C/H:/I('IIt dlar:H:lr.~l'islics f.o lenthe!":;. 'l'J'i:,l'yl 
fJhosrllates Lin: W}I)d. pl;Jsli~js~j"s fnr vinyl and. cellulosic finishes; they :11'1.' tdsr) 
11ame-rctardcllls. 
Phosphorus products e.g, art"ic1es made 
(lut of bone, the mineral turquois~ etc" 
had been used "s articles by ptjmitive 
men. Since rthe early beginnin·g, appli-
cation of phosphorus produd.s. for " 
vtll'iety of lItH·ity purposes hilS wade .gl.".eaf. 
stri d(!fJ, Agriculture i nd ustry is 1:11c .rnaj'!l: 
consumer of phuSIJhl)l'uS tI!'l phosiJw1.i<: 
fertiliser and animal' f.eed, . 'Therc·are 
very many other applic<ltions for phos-
phorus compounds, both ol'gm1ic and 
inorganic1 eg, tricalciuI11.1)hospha1.e is used 
<1S pigment e?<tellder; l.riul'yl phosphates 
like. t.l'icrcsyl phosplwtc are used ;t.'; 
plw;l.icisers in coating formulations. 
In tIlt' leather industry the most ··e()/I\·~ 
J)Hlnly used phnspIHJ-l'olnp')l.IllC.l:; ilr(~ poly-
phosphates which w'e llsed as allxi'liary 
tanning agents for altering the characl.eris-
tics of val:iously tanned leathers, Other 
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phosphp-compounds tha t <Ire ll.~;ecl f) I' 
could be used in leather-making al'C 
(a) If:etrakis (hydroxy methyl) phospho-
nium chloride as tanning agent, prefera-
bly in combination with (l phenol; (b) 
phosphatidQs as luhric:mt, (c) ,dky] phos-
T>bo .. cstcl's of long-chain alcohol.'; it:, ;.:om·. 
piexing lubricant. OJ' ~atcr-p.l'!lo{jnf.! co.m·· 
pound, (d) phospho ~lcrylic and nlhr:!l' 
phosphorl1s compounds as flume proof 
·leuthel' finishes and (c) Ilo1.'ophosplwlc~; 
:;s oil repellent compound.,;, 
PolUphosplw(,c:\ (I.') (Lu:x:Wal'.'1 ianni·llft 
aflen~2-18 .! .• 
Water :>0Iuh10· polyphnsphn((·:; li](l: 
l/'ipolyphosphatc :(I!g, N"ll"P:: 0, ()) ill'(' 
l/!'jed in leather Jn~,ldng. 
Lindner2 of Germa~y und Wilson:) uf 
United States independently dir,covNcc1· 
>, •. 
f,) 
.. t11:11: polyphosplwtcr; can t.an hi{le';; Ollld 
I>kins and the earlier \-vork 011 1.:IIUlli::;tJ'Y 
and technology of application of poly-
phosphate as auxi16i;y tanning ag~n!. was 
well d(i\~umerttecl,1 
As pretanning of collagen with poly-
phosphate reduce:; the fixation (1[' v('ge-
table u.nnins1.!i and the cic<.tll1in;t\ il)n ur 
c(;llagen . reduces tlw (j~:illion 'Jf poly-
phusphate,-1·:;.'; it was considered thaI. jlDly-
phu~;pha te takcl> pf):;i liun bl:!. weell ill t il.ide 
chains. of coll"gen add cOll1bines 'wiLh 
thenl to SI)Hle exicnt when poJypll(JspiJ;ll.c. 
.md mnino gruups or collagen are l,\cing 
each 0I.he1':1,"{,8 'The iJ1volvelllent of amino 
si tes of collagen in pulyphosph:Jte (,lIllli lIg 
i:; l!vidclIt by the f"d tbtlL :;kill \.;1t1llcd 
with polyphosphate has Ie:;s aflinit.y to 
acic.1,4 . 
j)uLyphu:;}Jlwle Frda:lI.no.!j<; .rill' v;~J(:L't.I)!c 
Le(( ther2- 11 
Polyphosphate pre tannage protect;. 1.11:: 
sUl~face of the leather, pnl"liculu.rly the 
grain', fronl too rapid fixation of vegc luble 
,tannins especially \"hen strong vegcldhlc 
tall liquors nrc used j n li:tJluiugY 
Polyphosphate prctrcatlucllt, lWrlcl\ .IS 
well suited 101' "l',lpid floatlcss IH'Occs:;jng" 
of hides and skins with vcW·t<t!J!c L;llilli/l).~ 
extract powdel's <IS weJJ as for the proces-
ses wherein <the ~kills come into conlact 
directly \vith strong vegetahle tan 
liquol'SlO,ll as tbe pn .. :l.rcatlllent aV(lid~, th" 
possible case hanL.:ning or drawn :.~l;Jin 
due Lo rapid excessive Jixation o[ vcgc·· 
hlble tannins on leallwl' sUr1accY llii ;; 
advantage ulone rnay not Iw sulk'ie/d. 
groulld for adoptiull or puJYJ,lllqJl;ltc V'j'c-
tanning for vegetabh! tanning in view uf 
high cost, but saving of tanning time ~llld 
76 
Jahotll'hy Ill!' "c1fJpliim of I'i'l'id vc~:cI:tl)I,: 
[HUlling processes lIsing Vq~'.:t,d)k l;llIllill,\', 
ex'tract. puwder or strong liq u()r~; l\Jl'l' \t:Li 
with uniform colour <lnc!phy:;j(';,l PI",!"'!"' 
tics such ;.lS high tensile sin.:n)',lll ,did 
grain cla~iiici[y!' makes the l)()lyphu;;plf'r.:;:· 
pretreatment a commercial proplJsili'Hl. 
The impruvement in colou r is d lie l.u· 
strong scC[uI:s(cring <lclio)) o[ puly-ph'ls-
pkllcs oJl iron andl:i.llcium;u Jurillg poly-
phospbi.d:e pretann~lgc iron sluins llilel 
calcium that might have been clepo~3ilcd 
as calciulH. Cad)OlKlte causing "Iime hlasl. 
effect" <'I['(! removed; the hides and skillS 
<.ire thus rendered free of lhesf! ddeels. 
As salts especially chlorides adversely 
ciTed the combinatiun of p()lypll()~q:ll;,I":i 
wiLh cullagen, delimed hides <lilt! skill:, 
arc washed well 'until thc!-'e were s;ilL 
free and they wcre treated with poly:. 
phosphates jrl acidic pH of 2.2-:::,;~, sincl' 
maxilllurn absorption takes p1<1<':c at this 
pIP As this pH is too low to the vcge-
table tanmlge the polyphosphaf.c lJllllCcl 
leathers arc thoroughly washell priur 'lo 
vegetable tanning, 
po!.yplwsplw/,e l.re(/l.llwnt in ell Y() Iii e 
/,(!nl.hcr 1Ha.]cin u?·1,12-1:1 
Pnlyph(JsphaLc~) Cilll h(' IIS,·1! ill Ilw 
tnallufacl.ul:t.: uf chrome l'llllll:d J,:;IIII"r 
either before or after cbrome l.al l l1,\ge ,llJd ,. 
occasionally also during t;.lnn'I['.C', 
U~;ual feed ;-;to::k I(Jr dll.'UllH: 1:lllnill~( 
wit.h basic chrome s~lll~; i~; pickled hides 
;\nd :;kin~; ,1:; Lb.:: pickling Llcijllsts the pH 
uf IhC' :.;Lifl ,ind Illl.' c1egncv oi' :·;\\:I'l)ill:!,. 
Ii' ihl' difT"!',:!,,:,, ill 1:11 III' :h,' T, ;i :.:I,d~ 
;.1llcl acidic cilruille l~lllllillg ;·;,dl: i:; Ili;',II, 
thC:ll tJ1Cl'C will be excessive fi;.:;t[1Il1l '.'1" 
prccipitation of chrome on the ~;'.Idaee of 
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hides and skins' rC8ulting'in.ur·[IWl1 gl'ajn.7-·F.~qshlyipi·e}1al:"cc1~hrome ~hlln of b or 
'-" :1' ;-. . ;"~l1,;:.,,! 1:t.- _,~. " ..... <.{ . . . 
ed leather. The classical-pIckle tl.'eatment ·'·'.33%:J:bAsIcity does not pr~cipitate"' .wilh 
can be replaced by trcatment with non- .. poiyp,h~spI1at~.:bec~use'.:<?f:::.~~lph~t.q Inasl<-
swelling acids, like polyphosphoric acids:iriii •... whichi'l'ellders' th~·cl~Ciuor':«lnjomic. 
The benefit of such pre-treatment is . Hence 'if pdlyphosphate' 1.S t'e.be added in 
smoothness and tightness of grain. The' the' chrome tanning 'bnl:h1hensolid 
pre-treatment also contributes fo a more . chromeexi.ractshould be,applied .to the 
rapid uptake and uniform distribution of . feed.stock~long with th·e"pho~pha.te~nd . 
chrome throughout the cross section of diIutedafter .penef:rati6~:~o.f!c1ir~~e.;into .' 
the pelt. A parI; of the poly-phosphate the leatherj or frcshly:;prcp'a~ed'd1ronlc 
present in the preLtmncd stock may comp- . liquorshould be Ij;rc~tcd:~1th'other',mnsk­
lex :with chrome. A~; the phosphate pre- ing agents like fOlmatefirst~~a then.\vith . 
treatm'ent is done on delimed stock, it is'" phospha,te 'eg.chrome 1iquo~":ma~k~d.\vith 
1.0 be noted that the feed stock canno/; be ; 1,4 mole formate can be fui:.!.her"mrisked . 
bated with pancreatic bate which requires with. ¥.t . mole of phosphate:withq~f. a;1y 
just alkaline conditions for its activity hut. . difficulty .. The tannage is' Ilotdc)Jle 'in 
Clll1 he baied with fungal hutewhieh is p.ickle bath but i11 a separate hath.Is 
active at acidic pI-U6' 
As the masking with poJypbospJ1::dc 
rec1uce:s the cationic charge th~ affinity 
of suchle·ather to anionic dye and nnionic 
fatliquo]'s is dccl'(~ascd and. aronity· to 
cationic dye or cationic fatliquor is in-
cl'cascd,12.17,18 \'/hile the nnionic fatliquol." 
used in Juhric::ttin,q le~thcr is necessarily 
lcss,l7 
'i'el1'okis (hydroxy methyl) phos}lhoni!UlI 
chlO7'icle {(:l [((.1;.ninfj (£[Jenf;17.21 
8-9/~) of P:!Oii can be iflcol'porat~(l in . 
chrome tanned leather by retreating the 
chrome tanned lC;tther wi th po]ypllOs,:, 
phatcs without causing graill crnckingJ7 
'The treatment wi,th sodium polypJlos-
phates' neutralises the chromc leather 
throughout the cross section. o[ the 
1c<1the1' being treated whcrcns.c,arbol1<1ti:' 
rtreat~ent acts only on the surfnce. 
Chrome leather thus treated has tir~hl: 
grnin and better appeal'<wcc he(~ause i!'On 
impurity, if any, prcsent in thc leather is 
complex cd. i . 
'Telr(jlds (hydroxy methyl) pJlOSP},()-
nium chloride (THPC) r (HOCI{~)., 
p I CI~'] call he lIS cd alone in VlOl1ini{ of 
hides and skins.1!J,.20 but leal:hcr w::ts thin 
:md fir.tn. A nev,,' tanning proc('s::; was 
developed wherein 'rHPC and re.soreinol : 
Though polyphosph1l1e can he used in' 
the chrome tanning ba1h itself, tllj:,; Pl;O-
cedure is seldom pl'a.ctised si'nce preci pi-
. tation may result if p'ropei- care is 
not· taken. With chrome alum di~­
solved in· cold . or with ;1gcc1 diluted 
337r: basic chrome solution poJyphos-
: plJatc gives precipit::Jte which dir;..: I 
; solves in excess polyphosphn I.(! d l/(' 1 () 
the fMlnntion of Jlon-e:d.ionic Chl'(HI:C 
I complexes which have no tanning [lction. I . 
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were applied fa skin under mildly alkaline' 
condition so that they react in sUn in the 
'pelt <1nd develop a compound which t:JJ1S 
c(~Hngen; ,0 2:1 the l~athel' has good hyd 1'0-
IhennaJ stahiJjfy (T,,>95 e,C). The mod:~ 
Ii f.~Jl1n:]r((' js {ei tJ'(~;d: the pelt hpinr! d(!-
pi('l<lecl wiLh l'csOI'cinol 2.!)~:~, il/HI TrTrC;; ". 
4.5% (percentages nrc o!1pickkc1 weiY.!ll) 
77 
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GIld }~,~r·~}'~le.· tl1~ ,pH of 'the tanning hath 
slowlYLpY,::~h.e,additiol1 of a mild alkali' 
Co~bIllationtanD~clleather ohtained bv ~rc.ta,n~iilgWiih,THPC + Resorcinol and 
retanni'llg;:witli"chrome was reporl~d; to 
posses,i;,n~t.9nly good, hydro thermal' 
stabiiity . but' also good sweat res:s-
tanc~.o2;l,24 Leather tanned with THPC 
ingsucdes as it imparts dry feel which 
is' hCl1cficinl iri improving the nHp of I:he' 
lcathcl'. vl'hc ability of egg yolk to imp'I1't 
d~y feel to the lel.'lthers is also the l:euson 
fo~; {tS;inC01~i)Ol~llti611:incert'tin" faUlC} UOl' .. 
frii(c6rr1pbsiti'oh~ !r6r<gi~zed ,Jdd.' Inslcn d 
M 'rigg\l~lk; ]ecithin;'o~tainecl from '-(>iher 
sorti-cc,s 'is at ti~ries'i.iS~d 'i!-l' f~tliquoring 
and resorcinol alone is full, round and 
mellow and has ,many properties simila.r" 
to those of ,vegetable tanned leathers. It ',' "',.", 
, composiii6ns. 
is suggested :,; th~t the reaction' prod~ct, Al,lqJlp~Lqsph9~es;H~r8 ~lRP1ltplexil1g l1Lln'i~ 
of THPC 'and ,'resorcinol forms amino, 'yc,dn~'o,.ti;l.t.terp:)·()Ofinf;:a{Je'W!()";2!J ' 
'cthyl Jii1kagc"With,'/;, amino group of the ;'~'.~he;'1?~·s~6n,t:tr~r\~1~,~~~?)u~fic,atC' upper 
lysine,res1due of coilagen. 'The strong , '1erilhers's'tlqn'ihhtlcrither,'::'11llsmil1imum 
covalent forc~~' of thi.s iinkage ,w,ere',;':'ft'~'~~i0i!;<i#4\}',,~~i§~lXW&m;t~?}l~4",?1f;;~§:,~?~ , 
considered to be the reason for high: higneJ:':'pe:~cenJage::,9f#e'~:;;9q':~i1Lihi'pa.ir, 
. .... .,'. : .• ", .... ' ''''''\':'-'~'.!.'~:}:.~';';!(I'<:<tJ .;.1/', .. J : .. :••• :.: .. , .. ' ..... " ...... 
hydrothermal stability of TI-IPC tanned the' adhesion '6f\lpI)er':'.to~~;'syrfth~tic',"'sDlc ',' 
leathers;23~it shouid'be noted that resorci-' during~~t1~a~isin'g.i:')Th'~':,'i~painnrint ~f ' 
nol itself will also combine with collagen. aahesionisdue toniigl.'~tio:noCfrce oil 
PhospltC?-cornP6unds as leCLihe1' luuric{tnts , 
Pho~phatides;" One of the, earliest 
applications" of phospho-compounds ,In. 
leather rrial~ing wa~ the application of 
phospl~o~lip'ias' :f,oi~ converting' putris~ible 
hides and skins into leather. Pl:e-historic, 
m~m rubbed the brain of the animal he 
killed to the hide or skin of the animal for 
making it imput~iscible. So that it would 
not. aecay ~:m exposure to moist wcather 
condition. The brain is rich in pho:;pha-
tides, so also the egg yolk. Egg yolk is 
a good fatliquol'j25 11: contains roughly 
50% water"l,6% protein, 30% fat out of 
which 3% is phosphatid'e anCI the rest 
other matters like sugars. The phospha-
tiae of egg yolk, is bound to the chrome 
.t;anned "leather because of its ability to 
'complex ,with chrome. The, fatliquoring 
camposi~io'n containing egg yolk, ,is, con~ 
sidered to be ideal for leathers like hunt-
at the vulcanish~g~o~~litio~;t~ theJe~thel: 
surface;, Us~ of fatHq\1o,r~n!LcomposlFdns, 
cort~jning;,compJexi,!~g,,~:~ubrJcant,'js ,','r9,~ 
commendk!'d, for:',hlbiica#ng'vukanisnble ' 
" chr6m(~ le1lthcr.l!8;'1i'ritliq(loring cM'Ipol-li. 
tionscontaining cornplexing luhricant are 
also considered to 'be, w'e}] suited for dry 
cleanable lea,thers.IT'hecgmplexing lubri-
can~ as the ve~'ynameindicates,complexes 
\vith chrome leather ;md' ,hencc is' fh:mly 
hound to the leather; they do not migrate 
to the surface ofleaf:hcr during vulcfl-
ni:,l'ing 0)' do not r~('t dislodged due to dry 
,cleaning. Alkyl pho!-;pho-cstC!"f-i like mono 
phosphol'ic('sLcrs [nOPO (OH) ~J eg" 
mono dodccyl orthophosphate arc ug.0d as 
complexing luhricant cOlliponcnt of the 
fatliquol~ing conlpositions. The fatliquors 
COl'ltaining complexing lubricants are 
callcd as "complexing fatliquor H. Com-
plexing fatliquors may contain 10-20.pnrl.s 
of complcxing lubl'icant, 40-50 parts of 
sulplwtcd 'oil and the, rest may he 1':lw 
, , 
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I and mineral oil; £atliquoring compositions Phospho-compounds in lel1t:hc1'(inishes:JO.31 
having no raw and minerCll oil are also. .' ',' " .',': ' ., 
used. _ . ~';"'-',~.' <'«',1: :"ii,,·A.~l:!y;hc products as' eli'lulsi<m and solu': 
Complexing phospho luhricants like 
mono dodccyl orthophospliates jf w;cll 
alone, Le. Jlot in the prcsencc of sulph:d,-
cd oils after complexing with' chl'onw 
render the leather watc'}:/showerproo[ 
hecause, of protruding lengthy' alkyl 
chain. 
But to use 111em as waterproofing 
agents they have to be applied in the 
I . form of sodium or ammonium salts_ Such 
tion polymer are widelYtJsed in leather' 
finishil1g as the leather trea~d with 'the 
produd lW!-J good wef rub'" resi~tHncc; 
'Thcl;c products generally Jwvti poor heat 
<Inei fl:lITlC! resisf.;ll1ce. This deficiency of 
acrylic finishc's can he overcome hv 
incorp<H';ltil1i!, lhcnnosctting f1(lllle proof .. 
ing characteristics; addition of a copoly-
mer of dialkyl phosphono alkyl acrylate. 
and methacrylate and vinylidcne COll1-
pounds,:lO in acrylic ,top coat In<ly serve, 
this purpose. 
I 
I 
application, however, may makcdhe grain 
surface of chrome leather coarse hecause' 
of pH effect. Hence application of chrolllc 
complexes of alkylated phospho-esters 
in water dilutable alcoholic solvenl..<j\ is 
advocated. for 'Impart.ing showerproof 
charaot~ristics to chrome leather. The 
phospho-chi:ome 'complexes are more 
stable tl~an clu:ome fatty acid complexes 
which are used for similar purposes;' the 
hetter:st~bility ofph(~spho-chrome com-
plexes :15 "due to the he.tfer ~ihility of 
ph~sphtltes to 'complex wrtiJ chrome' ,IS 
compar~(rto' carhoxyl. 
,Lt!uthers.vegetahlc or dll'Olne, call 
also be made waierproof by incorporating 
surface active phosphatic emulsifiers like 
condensation product. of mono laurylclcid 
phosphate and ethylene or propylene 
oxide or amine" salts of, alkyl amide 
derivatives of mono ~Ilkyl acid p}lOSp}W!.c. 
The surface active ngcnt.s are incorpo-
rated .into leathqt:s in non-polar solv(~nts, 
'They will swell·::wit.hin the leather on 
cnnf.(lctin~ with it slllall quanlity of wate!', 
fill the void space in the leather and 
I, effectively', ,prevent further' uptake of 
wHitel' by the leather. 
I " , , 
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AJtc!rnativdy finished leather surface 
can be made to h:lve flame prouf char:H_:Lcr 
bv apDlvjn~~ phospho-compOllnds 1il~ r~ 
N-diCl;hyl-nl1lino-phosphoric acid 'dia-
mide31 in water or solvent phase either 
a'Jone or along with other phospho-com-
pounds like phosph(Hlcrylics. 
Phospho-c011l1J01.mds (IS oil 1-epel.lellt.<;n 
Polyflu01:o :cdkvl phOSI)h~,,'CS havin[~ 
rnndiunl <llk\,] cbain knglh can he applied 
to leatlwl" for im p;:1rti ng oi I rcpcJ1cni 
<~harilcterjs1.ics to lc;:)ther.::Z Prodll;,:f:; (If 
this rtyp~ may find place in illch,!{ll'j:d 
gloves and garments, Oil and soil repel-
lency will be very much <lpprccidl.ecl jn ~. 
rUlrments: soil repelIcnc\ can 1)0 ;1':)liev."~1 
bv' ti-ealling the .lc8,thel' with Hlloro 
silicones:l3134 
rhos1Jlw-colllponnd:~ (I.') plru;Licisers 
'Tri;)l'yl pllOsphnl.cs like ,frie l·,·:;y1 phos-, 
phates (CH:lC::H.1 ):\ PO I, :11"(' IISC·(I ;IS 
pfa!;l.icisct'B for, vinyl and cdlulo;'l(c 
leather finishing agen,ts eg. N,C. bcqucrs. 
!They also SCi"ve the, purpose of, name 
retardent.l 
", ~' .. 
7') 
Othe1' 'miscellaneous app~kptions 
PoJyphosphntes - are good. water sof-
teners as they are good sequestrants for 
calcium and. magnesium present! in hard 
.J>' . 
w:lter, hut they arc seldom used for that 
purp.ose hy the leather indWilry in view 
of high cost. 
Phosph(;J'lIS' penta' sulphide and otllor 
POlYSIIJphidcs eg. those obtained 1)y I'eud-
ing 8 mol or more. of sodium suJphide 
with 1 mol of phosphorus penta sulphide 
alone 0)' along with sodium thio pl1.o~;ph8te 
arc ~ecommended'for lise as unhairing 
agent;35.:JG.37 the ~ost of the product/s j~ 
an inhibitive' fador for the comm('rci~lli­
sntioll of this class of unhairing flg,;nt, 
The possihle application of phosphorus 
comi)ouncls in production of 10(lI.I1('1' is 
reviewed; if; is hoped that this review 11)'W 
cat.alyse newer approach of application of 
phospho-compounds for improving the 
quality of leathers. 
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